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CROSSLINKED HYALURONIC ACID COMPOSITIONS FOR TISSUE 

AUGMENTATION 

BACKGROUND OF THE INVENTION 

Currently, all tissue augmentation, fillers approved by the United States Food 
5 and Drug Administration are derived from collagen. Approximately 3-5% of human 
subjects show serious allergic reactions to bovine collagen, thus requiring careful 
testing before using these fillers in any particular subject. 

Hyaluronic acid, also referred to as "HA," is a naturally occurring, water soluble 
polysaccharide that is a major component of the extra-cellular matrix and is widely 
10 distributed in animal tissues. Naturally occurring HA generally has a molecular weight 
range of about between 6 x 10 4 to about 8 x 10 6 Daltons. It has excellent 
biocompatibility and does not give a foreign body or allergic reaction when implanted 
into a subject. 

Methods of preparing commercially available hyaluronan are well known. Also 
15 known are various methods of coupling HA and cross-linking HA to reduce the water 
solubility and diffusibility of HA, and to increase the viscosity of HA. See, for 
example, U.S. Patent Nos. 5,356,883 and 6,013,679, the entire teachings of which are 
incorporated herein by reference. Further, many forms of HA have been employed, 
e.g., as surgical aids to prevent post operative adhesions of tissues, as adjuncts to 
20 synovial fluid in joints, as fluid replacement and/or surgical aids in ophthalmic surgery, 
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as a scaffold for tissue engineering in vitro or guided tissue regeneration or 
augmentation in vivo, and the like. 

The use of such HA products suffers several defects, however, in particular, a 
tradeoff between in vivo properties and surgical usability. For example, HA that is 
5 sufficiently chemically modified or crosslinked to have desirable in vivo mechanical 
and biostability properties can be so highly viscous that injection through fine needles is 
difficult or impossible. . Conversely, HA that is injectable can have inferior in vivo 
biostability and mechanical properties. 

Further, there is high current interest in employing chemically modified HA for 

10 vehicle-assisted time release delivery of bioactive agents including, for example, 
therapeutic agents or drugs and biological probes. A major challenge is the 
development of a delivery vehicle that will provide the appropriate level of 
bioavailability of a therapeutic agent at the affected area to achieve a desired clinical 
result, yet also have a desirable balance of in vivo mechanical and biostability properties 

1 5 balanced with surgical/administrative usability. The bioavailability of a drug depends 
upon the nature of the drug, the drug delivery vehicle used, and the route of delivery, 
for example, oral, topical, transdermal, mucosal, administration by injection, 
administration by inhalation, or administration by a combination of two or more of 
these routes. The bioavailability may be low as a result of, for example, the degradation 

20 of the drug by metabolic processes, rapid or uneven degradation of the delivery vehicle, 
rapid or uneven release of the drug from the delivery vehicle, and the like. These can 
be accompanied by similar problems of frequency of administration, difficulty of 
administration, e.g., difficulty of injection, biodegradation, and the like. In addition to 
the difficulties noted above, frequent administration of insufficiently stable drug 

25 delivery vehicles can lead to variations in drug delivery, leading to an increase in the 
occurrence of damaging side effects, a decrease in therapeutic benefit, and the like. 

Therefore, there is a need for. a HA composition that overcomes or minimizes 
the above referenced problems. 
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SUMMARY OF THE INVENTION 

The invention is directed to a hyaluronic acid (HA) composition and a method 
of making and using a HA composition that is effective for tissue augmentation and/or 
drug delivery. 

5 A hyaluronic acid (HA) composition includes crosslinked, water-insoluble, 

hydrated HA gel particles. The HA includes crosslinks represented by the following 
structural formula: 

HA'-U-FVU-HA' 

Each HA' is the same or different crosslinked HA' molecule, e.g., the crosslinks 

1 0 can be intramolecular or intermolecular. 

Each U is independently an optionally substituted O-acyl isourea or N-acyl urea. 
R2 is optionally substituted alkyl, alkenyl, alkynyl, alkoxy, cycloalkyl, 
cycloalkenyl, cycloalkynyl aryl, heteroaryl, heterocyclyl, cycloaliphaticalkyl, aralkyl, 
heteroaralkyl, or heterocyclylalkyl. 

15 A method of augmenting tissue in a subject that is in need of tissue 

augmentation includes the step of inserting a needle into a subject at a location in the 
subject that is in need of tissue augmentation, wherein the needle is coupled to a syringe 
loaded with the HA composition. Also included is applying force to the syringe, 
whereby at least a portion of the HA composition is delivered into the subject. 

20 A method of preparing the HA composition, includes forming water-insoluble, 

dehydrated crosslinked HA particles, separating the water-insoluble, dehydrated 
particles by average diameter, selecting a subset of particles by average diameter, and 
hydrating the subset of dehydrated particles with a physiologically compatible aqueous 
solution, thereby forming the HA composition. 

25 Another method of preparing the crosslinked HA composition includes 

crosslinking a precursor of the crosslinked HA with a biscarbodiimide in the presence 
of a pH buffer that is at a pH between about 4 and about 8, and dehydrating the 
crosslinked HA to produce the dehydrated, crosslinked HA. 
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A method of stabilizing crosslinked HA includes hydrating water-insoluble, 
dehydrated crosslinked HA with a physiologically compatible aqueous solution, thereby 
forming the stabilized HA composition, wherein the physiologically compatible 
aqueous solution includes at least about 0.1% by weight of a local anesthetic, wherein 
5 the value of storage modulus G' for the stabilized composition is at least about 1 10% of 
the value of G' measured for a non-stabilized composition, when measured at 37 °C and 
1 Hz frequency using a 4 cm flat geometry. 

Also included is the stabilized HA composition. 

The embodiments disclosed herein are effective for preparing and using 

10 crosslinked, water-insoluble, hydrated HA gel particles, wherein the crosslinks in the 
HA include linking group R2, that have improved combinations of in-vivo biostability 
and mechanical properties, while at the same time having improved usability, e.g., 
improved ease of injection through fine needles. For example, as shown in the 
Exemplification, the HA compositions have improved values for storage modulus G' 

1 5 and kinematic viscosity, while exhibiting improved in vitro and in vivo biostability to 
hyaluronidase enzyme. The disclosed embodiments are effective for employing 
crosslinked HA in tissue augmentation while reducing the frequency of implantation 
needed. The embodiments are also effective for employing crosslinked HA as a drug 
delivery vehicle that exhibits the surprising and unexpected effect of increasing 

20 biostability along with effective drug release properties and effective administrative 
properties. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 : UV absorbance of the crosslinked products obtained by reacting HA and p- 
25 phenylene-bis(ethylcarbodiimide) in a molar equivalent ratio of 75%, 100%, and 125%. 

Figure 2: UV absorbance of the crosslinked products obtained by reacting HA and p- 
phenylene-bis(ethylcarbodiimide) in MES buffer of pH 5.5, 6.0, and 6.5. 
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Figure 3: Effect of the particle average diameter distribution on the storage modulus 
(G*) of the gel. 

5 Figure 4: Effect of the particle average diameter distribution in the gel on the force 
required to extrude the gel from a 30-gauge needle. 

Figure 5: Degradation of crosslinked HA product in the presence of enzyme 
hyaluronidase, compared to the other tissue augmentation products RESTYLANE® , 
PERLANE® and HYLAFORM® 

10 Figure 6: Degradation profile of the gel of different initial G\ prepared from the 
crosslinked HA of the invention. 

Figure 7: Storage Modulus G'and degradation profile of the gels prepared in phosphate 
buffer containing no lidocaine, 0.2% lidocaine, and 0.3% lidocaine. 

1 5 DETAILED DESCRIPTION OF THE INVENTION 

The invention is directed to crosslinked HA compositions, their preparation, and 
their methods of use. 

Uncrosslinked HA, e.g, the precursor to the crosslinked HA of the invention, 
typically comprises disaccharide units of D-glucuronic acid (GlcUA) and N-acetyl-D- 

20 glucosamine (GlcNAc), which are alternately linked, forming a linear polymer. HA 

often occurs naturally as the sodium salt, sodium hyaluronate. HA, sodium hyaluronate, 
and preparations of either HA or sodium hyaluronate are often referred to as 
"hyaluronan." As used herein, the terms "HA" and "hyaluronan" also refer to any of 
the other hyaluronate salts, including, for example, potassium hyaluronate, magnesium 

25 hyaluronate, calcium hyaluronate, and the like. The uncrosslinked HA used as 

precursors for the crosslinking typically has an average molecular weight range of from 
between about 6 x 10 4 to about 8 x 10 6 Daltons, or 150 to 20,000 disaccharide repeat 
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units. HA from any of a variety of sources, including HA extracted from animal tissues 
or harvested as a product of bacterial fermentation, can be used as a starting material. 
Alternatively, the uncrosslinked HA used to make the composites of this invention can 
be produced in commercial quantities by bioprocess technology, as described, for 
5 example, in Nimrod et al. 9 PCT Publication No, WO 86/04355, the entire teachings of 
which are incorporated herein by reference. 

Crosslinked HA can be formed by reacting uncrosslinked HA with a 
crosslinking agent under suitable reaction conditions. The crosslinked HA is prepared 
by reacting uncrosslinked HA with a biscarbodiimide in the presence of a pH buffer, 

1 0 wherein the buffer is at a pH between about 4 and about 8. The pH of the buffer can be 
between about 4 and about 7, typically between 5 and about 6.5, or more typically 
between about 5 and about 6. In a preferred embodiment, the pH is about 5.5. 

The pH buffer can include any buffer agent known to one skilled in the art, e.g., 
2-(N-morpholino)ethanesulfonic acid (MES); 2,2-bis(hydroxymethyl)-2,2',2"- 

15 nitrotriethanol; succinate/succinic acid; KH2PO4; N-tris(hydroxymethyl-2- 
aminoethanesulfonic acid; triethanolamine; diethylbarbituate; 
tris(hydroxymethyl)aminoethane; N-tris(hydroxy)methylglycine; and N,N-bis(2- 
hydroxyethyl)glycine. The buffer agent can be employed with an additional acid or 
base, e.g., 2-(N-morpholino)ethanesulfonic acid with NaOH; 2,2-bis(hydroxymethyl)- 

20 2,2',2"-nitrotriethanol with HC1; succinate with succinic acid; KH2PO4 with borax; N- 
tris(hydroxymethyl-2-aminoethanesulfonic acid with NaOH; triethanolamine with HC1; 
diethylbarbituate with HC1; tris(hydroxymethyl)aminoethane with HC1; N- 
tris(hydroxy)methylglycine with HC1; and N,N-bis(2-hydroxyethyl)glycine with HC1. 
Preferably, the buffer includes 2-(N-morpholino)ethanesulfonic acid and NaOH. 

25 Typically, the buffer agent is mixed in aqueous media, in a concentration 

between about 5 mM (millimolar) and about 250 mM, typically between about 10 mM 
and about 150 mM, more typically between about 25 and about 100 mM, and preferably 
about 75 mM. 
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Typically, the uncrosslinked HA is mixed in aqueous media, e.g., the pH buffer 
solution, in a concentration between about 1 mM (millimolar) and about 100 mM, 
typically between about 10 mM and about 50 mM, more typically between about 25 and 
about 50 mM, and preferably about 37 mM. The particular concentration employed can 
5 vary depending on the molecular weight of the uncrosslinked HA precursor. At lower . 
concentrations, the reactions can be slower. At higher concentrations, the product can 
be difficult to handle due to the increase in viscosity. Examples of acceptable 
concentrations of uncrosslinked HA for other crosslinking reactions are described in 
U.S. Patent No. 5,356,883, to Kuo et a/., the teachings of which are incorporated herein 

1 0 by reference in their entirety. 

The reaction can be carried out at a temperature range of between about 0°C and 
about 60°C, typically between about 10°C and about 40°C, more typically between 
about 15°C and about 30°C, and preferably about 25°C. Exemplary reaction conditions 
can be found in Examples 1-9. 

15 The biscarbodiimide can be combined with the uncrosslinked HA solution 

alone, or more typically as a solution in a water-miscible organic solvent, e.g., acetone, 
methyl ethyl ketone, dimethyformamide, dimethyl sulfoxide, methanol, ethanol, 2- 
propanol, acetonitrile, tetrahydrofuran, N-methyl pyrrolidone, and the like. More 
typically, the solvent is acetone, and the biscarbodiimide is at a concentration of 

20 between about 0.1 mg/mL and about 100 mg/mL, typically between about 1 mg/mL and 
about 50 mg/mL, more typically between about 5 mg/mL and about 25 mg/mL, and 
preferably about 15 mg/mL. 

The uncrosslinked HA and the biscarbodiimide can be combined in any molar 
equivalent ratio, e.g., between about 1% and about 200%, typically between about 10% 

25 and about 1 50%, more typically between about 1 8% and about 125%. In various 

embodiments, the molar equivalent ratio is about 18%; or about 38%, or about 50%, or 
about 75%, or about 100%, or about 125%. 

A HA composition crosslinked with the biscarbodiimide can include crosslinks 
characterized by a linking group R2 of the biscarbodiimide agent included in the 
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crosslink, e.g., the linking group connecting through a group U at each end to a HA' 
molecule, as shown in the following structural formula: 

HA'-U-R 2 -U-HA' 

Each HA' in the preceding formula can be different or the same HA' molecule, 
e.g., the crosslink can be an intermolecular or intramolecular crosslink. Each U can be 
the same or different and is an optionally substituted N-acyl urea or O-acyl isourea, as 
shown in the bracketed fragments in the following structural formulas: 



HA' 



O HN 

JU 



N-R 2 * 
H 



HA' 



0 O 

L Ri 
[N-acyl urea] 



N--FV 
H 



[O-acyl isourea] 

These crosslinks can be generated in the reaction of HA' with a biscarbodiimide 
10 crosslinking reagent, represented in the following structural formula: 

R 1 -N=C=N-R 2 -N=C=N-R 1 

wherein two carbodiimides, substituted with Rl 5 are connected through the linking 
group R2. 

In the preceding structural formulas, each Rl can be the same or different and is 
15 an optionally substituted group selected from hydrogen, aliphatic (e.g., alkyl, alkenyl, 
alkynyl), alkoxy, cycloaliphatic (e.g., cycloalkyl, cycloalkenyl, and cycloalkynyl), aryl, 
heteroaryl, heterocyclyl, cycloaliphaticalkyl, aralkyl, heteroaralkyl, heterocyclylalkyl, 
and the like. Suitable optional substituents are those that do not substantially interfere 
with the properties of the resulting crosslinked HA composition and are described 
20 herein in the section describing each of the respective groups. In other embodiments, 
Rl is an optionally substituted aliphatic group. More preferably, Rl is alkyl, e.g., CI- 
C6 linear or branched alkyl, e.g., methyl, ethyl, propyl, butyl, 2-propyl, tert-butyl, and 
the like. Preferably, each Rl is ethyl. 

Each R2 is an optionally substituted linking group including one or more of 
25 aliphatic, cycloaliphatic, aryl, heteroaryl, heterocyclyl, cycloaliphaticalkyl, aralkyl, 

heteroaralkyl, heterocyclylalkyl, groups, and the like. Suitable optional substituents are 
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those that do not substantially interfere with the properties of the resulting crosslinked 
HA composition and are described herein in the section describing each of the 
respective groups. R2 can optionally include or be interrupted by other groups, e.g, 
carbonyl, amide, oxy, sulfide, disulfide, and the like. In other embodiments, R2 is a 
5 cycloaliphatic, aryl, heteroaryl, or heterocyclyl group. In still other embodiments, R2 is 
1,6-hexamethylene octamethylene, decamethylene, dodecamethylene, PEG, 
-CH2CH2-S-S-CH2CH2-, /7ara-phenylene-S-S-/?ara-phenylene, meta- 
phenylene-S-S-we/a-phenylene, /weta-phenylene or /wra-phenylene. More preferably, 
R2 is phenylene. Preferably, R2 is /?ara-phenylene. 

10 In one embodiment, the biscarbodiimide is selected from 1,6-hexamethylene 

bis(ethylcarbodiimide), 1,8-octamethylene bis(ethylcarbodiimide), 1,10 decamethylene 
bis(ethylcarbodiimide), 1,12 dodecamethylene bis(ethylcarbodiimide), PEG- 
bis(propyl(ethylcarbodiimide)), 2,2'-dithioethyl bis(ethylcarbodiimde), l,l'-dithio-p- 
phenylene bis(ethylcarbodiimide); para-phenylene-bis(ethylcarbodiimide), and 1,1- 

15 dithio-m-phenylene bis(ethylcarbodiimide). In a preferred embodiment, the 

biscarbodiimide is para-phenylene-bis(ethylcarbodiimide). Methods of preparing 
biscarbodiimides are described in U.S.P. Nos. 6,013,679; 2,946,819; 3, 231,610; 
3,502,722; 3,644,456; 3,972,933; 4,014,935; 4,066,629; 4,085,140; 4,096,334; 
4,137,386, 6,548,081, and 6,620,927 the teachings of which are incorporated herein by 

20 reference in their entireties. 

The reaction of HA with a biscarbodiimide crosslinking reagent, in the presence 
of an available proton, is believed to comprise protonation in the first step. The acid 
anion can then attach to the carbon atom of the cation formed, resulting in the formation 
of an O-acyl isourea intermediate. The acyl group in the intermediate can migrate from 

25 the oxygen atom to a nitrogen atom to produce a N-acyl isourea derivative of the HA. It 
is believed that the Oto-N migration can be incomplete, resulting in a product reaction 
mixture that can include both the N-acyl urea and the O-acyl isourea. Thus, a crosslink 
resulting from reaction of a biscarbodiimide with the crosslinked HA precursor 
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typically can contain two O-acyl isoureas connected through R2, as represented in the 
following structural formula: 

, R 1 R 1n 

O HN NH O 

XX XX 

H A^O N- R 2 -N O HA 
H H 

or an O-acyl isourea and an N-acyl urea connected through R2, as represented in 
5 the following structural formula: 

O HN OO 

XX XX 

HA^ O N-R 2 -N N HA 
H H R, 

or two N-acyl ureas connected through R2, as represented in the following 
structural formula: 

0 0 0 0 

XX XX 

HA^ N N-R 2 -N N HA 

A, H H A, 

10 The mixed products can be used separately or together to prepare the 

compositions according to embodiments of the invention. 

The crosslinked HA can be precipitated by pouring into a water-miscible 

organic solvent, e.g., acetone, methyl ethyl ketone, dimethyformamide, dimethyl 

sulfoxide, methanol, ethanol, 2-propanol, acetonitrile, tetrahydrofuran, N-methyl 
15 pyrrolidone, and the like, preferably an alcohol, e.g., ethanol. The precipitate can be 

collected and dried, e.g., under reduced pressure. 

The dried crosslinked HA can be formed into particles by any means well 

known to one in the art, e.g., abrading, grinding, fracturing, and the like, preferably by 

grinding in a cryogenic mill. Alternatively, the undried crosslinked HA can be 
20 cryoprecipitated to form small particles, which can then be dried, or the undried 

crosslinked HA can be ground in a cryogenic mill and then the resulting particles can be 

dried. 
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As used herein, "water-insoluble" and like terms refers to compositions, e.g., the 
water-insoluble dehydrated particles, or the water insoluble hydrated particles that are 
heterogeneous when suspended in a sufficient amount of water at room temperature. In 
one embodiment, "water-insoluble" means that upon placing the particles of the HA 
5 composition in water at neutral pH and 25°C for at least about 2 weeks, the HA in the 
particles is essentially undissolved, e.g., essentially no HA from the particles becomes 
freely dissolved in the water. In other embodiments, "water-insoluble" means that the 
HA in the particles is essentially undissolved after generally at least about 4 weeks 
under the preceding conditions, typically at least about 6 weeks, more typically at least 
10 about 8 weeks, or preferably at least about 12 weeks. In one embodiment, "water- 
insoluble" means that the HA in the particles is essentially undissolved after at least 
about 26 weeks under the preceding conditions. As used herein, "freely dissolved" 
means solvation of HA molecules in the water separately from the hydrated, water- 
swelled particles. 

15 Moreover, a cross-linked HA derivative can be a hydrogel. As the term is used 

herein, a "hydrogel" is a cross-linked macromolecular network that can swell in water 
or biological fluids, and can retain a significant portion of water within its structure 
without dissolving. As used herein, the term "swelling" refers to the taking up of a 
liquid, for example water, by a gel with an increase in volume, typically with the 

20 addition of heat and pressure. Hydrogels have a large molecular weight that generally 
cannot be measured by conventional methods and are composed of a polymer backbone 
and cross-links. 

The crosslinked HA particles can be characterized by particle average diameter 
distribution. The average diameter can be measured as the average diameter of the 
25 hydrated particles and/or the average diameter of the dehydrated particles. Typically, 
the particle average diameter is selected from the group consisting of a hydrated particle 
average diameter between about 20 \im (micrometers) and about 1000 |im and a 
dehydrated particle average diameter between about 10 \xm and about 500 ^m. In other 
embodiments, the hydrated particle average diameter is between about 40 \im and about 
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600 jam and a dehydrated particle average diameter between about 20 ^im and about 300 
jxm, or more preferably, the hydrated particle average diameter is between about 50 ^m 
and about 500 \im and the dehydrated particle average diameter is between about 25 |xm 
and about 250 (am. 

5 In a particular embodiment, the HA in the composition consists essentially of 

the crosslinked, water-insoluble, hydrated HA gel particles. For example, the HA 
composition in this embodiment can be considered to be a single hydrated particle 
phase, e.g., any liquid in the composition is essentially contained in the hydrated 
particles, e.g., there is essentially no free liquid phase. In other embodiments wherein 

10 the HA in the composition consists essentially of the crosslinked, water-insoluble, 

hydrated HA gel particles, certain forms of HA is excluded from the composition, e.g., 
typically excluded are HA particles or molecules that have an average diameter smaller 
than about 1 ^m, more typically excluded are HA particles or molecules that have an 
average diameter smaller than about 10 jam, and preferably excluded are HA particles or 

1 5 molecules that have an average diameter smaller than about 20 jxm. 

As used herein, a "subset" of particles by average diameter means that a 
collection of particles are characterized by average diameter, and at least some fraction 
of particles is rejected, e.g., not included in the subset. 

In still other embodiments, the particle average diameters are selected, e.g., by 

20 sieving or other methods well known to the art, so that particular average diameter 

distributions can be chosen to result in particular properties in the final composition, for 
example, as shown in the Examples. Thus, the dehydrated particles can be sieved to 
separate by average diameter fractions, e.g., as in Example 16, where five average 
diameter fractions of particles were collected: 0-25 (im, 25-75 jam, 75-125 jam, 125-180 

25 |im, and 180-250 ^im. 

The various average diameter fractions of a particular composition can be 
employed to determine a combination of average diameter fractions in various 
proportions that will result in particular combined properties. Thus, in one 
embodiment, the water-insoluble, dehydrated particles can be separated into at least two 
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average diameter fractions and the fractions can be combined in a ratio to adjust the 
properties of the combination, e.g., in Example 17, two fractions containing 125-250 
jmi, and 0-125 jam are combined in a 1:1 ratio. The resulting composition has a average 
diameter distribution that is different from the ground particles before sizing, for 
5 example, the average diameter distribution can be a multimodal average diameter 
distribution, e.g., a bimodal average diameter distribution when two average diameter 
fractions are selected for the composition. The properties of the multimodal 
composition are built from the properties of the individual average diameter fractions 
and their amounts in the composition. In another embodiment, the water-insoluble, 

10 dehydrated particles can be separated into at least three average diameter fractions, 
where at least two average diameter fractions are selected and at least one average 
diameter fraction is rejected. 

The dehydrated particles are typically hydrated in the presence of the 
physiologically acceptable solution (e.g., a saline solution, or a phosphate buffer as 

1 5 provided in the Examples) under conditions including a temperature of at least about 
100 °C, a pressure of at least about 120 kPa (kilopascals); and a duration of at least 
about 15 min. Such conditions can be achieved in an autoclave, for example, and can 
also serve to sterilize the particles. Other conditions include: temperatures of from about 
100 °C to about 150 °C, typically from about 110 °C to about 140 °C, or preferably 

20 from about .120 °C to about 140 °C; pressures from about 120 kPa to about 200 kPa, 
typically from about 120 kPa to about 160 kPa, or preferably from about 130 kPa to 
about 140 kPa; and durations from about 15-75 min, more typically from about 20 to 
about 60 min. 

Additional contemplated sterilization/hydration techniques include the 
25 following. In one embodiment, product can be contacted with a clean steam supply at a 
temperature of 1 18-133 °C (typically about 121 °C) and the corresponding steam 
pressure at saturation (about 103 kPa to about 186 kPa). Evaporative cooling can occur 
during vacuum or ''natural" cooling, e.g., slow venting of steam pressure. In another 
embodiment, a product can be sterilized at a temperature of 1 18-133 °C (typically 121 



1767.2011-000 



-14- 

°C) using a mixture of air and steam, preferably circulated, e.g., by fans. Typical 
pressures are 69 kPa to about 103 kPa over the saturation pressure of the steam 
(typically less than 310 kPa). Cooling can be achieved, e.g., by the addition of cool air 
and circulation with the fans. In another embodiment, products can be sprayed with 
5 liquid water at the sterilization temperature under sufficient counter pressure to keep the 
water in the liquid phase (typically less than 310 kPa). Cooling to approximately 80 °C 
can be achieved by direct contact water spray in heat exchange with a cooling system. 
Cooling from about 80°C down to about 20 °C is generally evaporative and can also 
serve to remove excess liquid from the product. Many variations on the preceding 

10 hydration/sterilization techniques are possible. 

The crosslinked HA composition preferably includes a physiologically effective 
amount of at least one bioactive agent selected from the group consisting of cells, genes, 
proteins, antibodies, peptides, and pharmaceuticals. 

A pharmaceutical, as that term is used herein, includes, for example: 

15 compounds and compositions recognized in the official United States Pharmacopoeia, 
the official Homeopathic Pharmacopoeia of the United States, or the official National 
Formulary, or any supplement thereof; compounds and compositions intended for use in 
the diagnosis, cure, mitigation, treatment, or prevention of disease in man or other 
animals; and compounds and compositions (other than food) intended to affect the 

20 structure or any function of the body of man or other animals. Pharmaceuticals include 
pharmaceutical compounds and solvates, salts, crystal polymorphs, and stereoisomers 
thereof. Examples of classes of pharmaceuticals include growth factors (e.g., 
interleukins, prostaglandins, thromboxanes, leukotrienes and cytokines), steroidal and 
non-steroidal contraceptive agents, antibiotics (e.g., penicillin, streptomycin and 

25 linocomycin), analgesics, anesthetics, sedatives, barbiturates, aminoalkybenzenes, 
catecholamines, narcotics, narcotic antagonists, anti -neoplastic agents and 
anticoagulants (e.g., heparin and heparin sulfate)steroidal and non-steroidal anti- 
inflammatory drugs, anesthetics, antibiotics, antifungals, hormones and any synthetic 
analogues and pharmaceutically-active fragments thereof, and the like. Pharmaceuticals 
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which are suitable for use in delivery systems in embodiments of the invention may be 
fat soluble, water-soluble, anionic or cationic, as long as they can interact with a group 
on the hyaluronic aid derivative of an embodiment to form either covalent or ionic 
bonds or hydrophobic or hydrophilic interactions, for example, a hydrophobic 
5 interaction between a pharmaceutical having a hydrophobic moiety and the HA 
derivative according to an embodiment can occur. . 

The bioactive agent can be introduced at any stage, but is typically added during 
preparation of the composition by inclusion in the physiologically compatible solution 
used to hydrate the dehydrated particles, e.g., the phosphate buffer in the Examples. In 

10 one embodiment, the crosslinked HA composition, e.g., the hydrated HA particles, 

includes an anesthetic, e.g., a local anesthetic, as the bioactive agent. A local anesthetic 
can include at least one member of the group selected from ambucaine, amolanone, 
amylocaine, benoxinate, benzocaine, betoxycaine, biphenamine, bupivacaine, 
butacaine, butamben, butanilicaine, butethamine, butoxycaine, carticaine, 

1 5 chloroprocaine, cocaethylene, cocaine, cyclomethycaine, dibucaine, dimethysoquin, 

dimethocaine, diperodon, dycyclonine, ecgonidine, ecgonine, ethyl chloride, etidocaine, 
beta-eucaine, euprocin, fenalcomine, formocaine, hexylcaine, hydroxytetracaine, 
isobutyl /7-aminobenzoate, leucinocaine mesylate, levoxadrol, lidocaine, mepivacaine, 
meprylcaine, metabutoxycaine, methyl chloride, myrtecaine, naepaine, octacaine, 

20 orthocaine, oxethazaine, parethoxycaine, phenacaine, phenol, piperocaine, piridocaine, 
polidocanol, pramoxine, prilocaine, procaine, propanocaine, proparacaine, 
propipocaine, propoxycaine, psuedococaine, pyrrocaine, ropivacaine, salicyl alcohol, 
tetracaine, tolycaine, trimecaine, zolamine, and salts thereof. Typically, the bioactive 
agent is a local anesthetic selected from lidocaine, mepivacaine, prilocaine, 

25 bupivacaine, cocaine, procaine, chlorocaine, and tetracaine, or a salt or solvate thereof 
thereof. Preferably, the bioactive agent is the local anesthetic lidocaine, or a solvate or 
salt thereof, e.g., the salt lidocaine-HCl. 

The crosslinked HA can function as a vehicle which provides the controlled or 
sustained release of the bioactive agent. In one embodiment, the controlled-release HA 
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is placed in contact with a pre-selected tissue, and allowed to remain in place until a 
desired clinical result is achieved. The controlled-release HA according to an 
embodiment may be injected or implanted at the locus where delivery is desired, or may 
be administered orally or by a route that is a combination of two or more of these 
5 administration routes. 

Diffusion provides the delivery of a bioactive agent via delivery systems in 
which the drug non-covalently interacts with the crosslinked HA. Such non-covalent 
interactions include ionic, hydrophobic, and hydrophilic interactions in which the 
bioactive agent is dispersed within the carrier. As used herein, the term "dispersed" 

10 means ionic, hydrophobic, and hydrophilic interactions between the drug and the HA. 

The rate of delivery of a bioactive agent is related not only to the rate of its 
diffusion, but also to the rate of degradation of the HA in which the drug or other 
bioactive agent is dispersed. The rate of degradation of the HA is related to the degree 
of cross-linking and is also dependent on numerous metabolic processes taking place in 

15 vivo. The degradation process is usually slower than diffusion. By choosing the 

concentration of the drug dispersed within the HA, and the degree of cross-linking, the 
rate of degradation and diffusion and, thus, the rate of drug delivery, can be controlled. 

As used herein, a "physiologically effective amount" is the amount of bioactive 
agent that is sufficient to have the intended effect, e.g., an amount of local anesthetic 

20 sufficient to have an anesthetic effect in a subject injected with a composition including 
the agent. One skilled in the art will be able to determine a physiologically effective 
amount based on the amount of composition employed, the subject's medical history, 
and the like. The drug concentration can be varied over very broad limits and 
preferably should be chosen depending on the degree of cross-linking of the HA, the 

25 solubility of the drug, its pharmaceutical activity, and the effect desired. 

As used herein, a "physiologically acceptable solution" is any solution known in 
the art that is useful as a carrier in a physiological system, e.g., aqueous solutions that 
are typically sterile, non-allergenic, non-toxic, and the like, e.g., a saline solution, a 
buffer solution, a sugar solution, and the like. 
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The viscolastic properties of the composition can be determined as shown in the 
Examples. In one embodiment, the composition has at least one parameter measured at 
37 °C selected from a storage modulus G' of at least about 50 Pa (Pascals) when 
measured at 1 Hz (Hertz) frequency using a 4 cm (centimeter) flat geometry; and a 
5 kinematic viscosity of at least about 20,000 cPs (centiPoise) when measured at a shear 
rate of Is' 1 . 

In other embodiments, kinematic viscosity is at least about 40,000 cPs, more 
typically at least about 60,000 cPs, and preferably at least about 70,000 cPs. In another 
embodiment, the kinematic viscosity is from about 20,000 cPs to about 250,000 cPs. In 

10 other embodiments, the kinematic viscosity is from about 40,000 cPs to about 220,000 
cPs, more typically from about 60,000 cPs to about 200,000 cPs, and preferably from 
about 70,000 cPs to about 170,000 cPs. 

In other embodiments, the storage modulus G' is at least about 100 Pa, typically 
at least about 100 Pa, more typically at least about 200 Pa, and preferably at least about 

15 400 Pa. In other embodiments, the storage modulus G' is from about 50 Pa to about 

1,600 Pa, typically from about 100 Pa to about 1,200 Pa, more typically from about 200 
Pa to about 1000 Pa, and preferably from about 400 Pa to about 700 Pa. 

The crosslinked HA composition can be characterized by its biostability, e.g., its 
resistance to degradation in vitro by hyaluronidase enzyme as shown in the Examples. 

20 For example, upon combining the composition at 37 °C with hyaluronidase enzyme in 
an amount of about 0.3% by weight, under conditions suitable for reaction with 
hyaluronidase, the value of G' for the composition measured after about 16 hours of 
reaction is at least about 5% of the value of G' measured at about 15 min of reaction. In 
other embodiments, the value of G' for the composition measured after about 16 hours 

25 of reaction is a fraction of the value of G 5 measured at about 15 min of reaction of 
generally at least about 10%, or at least about 25%, or at least about 45%, or at least 
about 50%, typically at least about 60%; more typically at least about 75%; or 
preferably, at least about 80%. In one embodiment, the value of G' for the composition 
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measured after about 16 hours of reaction is about the same as the value of G' measured 
at about 1 5 min of reaction. 

In other embodiments, the storage modulus G' is increased, e.g., the 
composition is stabilized, by the inclusion of a local anesthetic, e.g., lidocaine, 
5 compared to a non-stabilized composition, e.g. an identical composition except that the 
local anesthetic is not included. For these embodiments, the stabilized and non- 
stabilized compositions can be compared by measuring the value of G' under the same 
conditions. A stabilized composition prepared by hydrating dehydrated particles under 
the hydration conditions disclosed herein with a solution having 0.1% of a local 
10 anesthetic (e.g., lidocaine) by weight has a G' greater than G' for a non-stabilized 
composition of generally at least about 1 10%, typically at least about 120%, more 
typically at least about 150%, and preferably at least about 175%. 

In a particular embodiment, the HA composition, includes crosslinked, water- 
insoluble, hydrated HA gel particles. The particles include lidocaine HCl. Also, the 
15 particles have an average diameter selected from the group consisting of a hydrated 
particle average diameter between about 20 and about 1000 jam, and a dehydrated 
particle average diameter between about 10 and about 500 |nm. Further, the particles 
include crosslinks represented by the following structural formula: 

HA'-U-FVU-HA' 

20 wherein the variables have the values described above. The composition has at least one 
parameter measured at 37 °C selected from a storage modulus G' of at least about 50 Pa 
when measured at 1 Hz frequency using a 4 cm flat geometry, and a kinematic viscosity 
of at least about 20,000 cPs when measured at a shear rate of Is" 1 . Also, the 
composition is sufficiently stable to enzymatic degradation that upon combining the 

25 composition at 37 °C with hyaluronidase enzyme in an amount of about 0.3% by 

weight, under conditions suitable for reaction with hyaluronidase, the value of G' for 
the composition measured after 16 hours of reaction is at least about 5% of the value of 
G' measured at less than about 15 min of reaction. In another embodiment, the value of 
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G' for the composition measured after 16 hours of reaction is at least about 50% of the 
value of G' measured at less than about 15 min of reaction. 

As used herein, "in need of tissue augmentation" means that a subject has a 
5 medical condition that can benefit from application of the HA composition of the 

invention, e.g., the subject is in need of treatment and/or correction of conditions, e.g., 
wrinkles, furrows and folds and other wrinkles in the skin, typically in the forehead and 
around the eyes, nose and lips, correction and reforming of soft tissue defects and 
depressed scars. These conditions can be hereditary or acquired through age, illness, 
10 injury, surgical complications, and the like. 

A "subject" includes mammals, e.g., humans, companion animals (e.g., dogs, cats, 
birds, and the like), farm animals (e.g., cows, sheep, pigs, horses, fowl, and the like) and 
laboratory animals (e.g., rats, mice, guinea pigs, birds, and the like). Most preferably, 
the subject is human. 

15 As used herein, alkyl groups include, for example, methyl, ethyl, propyl, butyl, 

pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl, tridecyl, tetradecyl, 
pentadecyl, hexadecyl, heptadecyl, octadecyl, nonodecyl, eicosyl, heneicosyl, docosyl, 
tricosyl, tetracosyl, pentacosyl and the isomeric forms thereof. An alkoxy group is an 
alkyl group connected through an oxygen atom, e.g., methoxy, ethoxy, propoxy, and the 

20 like. 

As used herein, alkenyl groups are alkyl groups of 2 to 25 carbon atoms that 
contain a double bond, such as vinyl, allyl, butenyl, pentenyl, hexenyl, octenyl, nonenyl, 
decenyl, undecenyl, dodecenyl, tridecenyl, tetradecenyl, pentadecenyl, hexadecenyl, 
heptadecenyl, octadecenyl, nonadecenyl, eicosenyl, heneicosenyl, docosenyl, tricosenyl, 
25 tetracosenyl, pentacosenyl, and isomeric forms thereof. 

As used herein, alkynyl groups are alkyl groups of 2 to 25 carbon atoms that 
contain a triple bond, such as vinyl, allyl, butynyl, pentynyl, hexynyl, octynyl, nonynyl, 
decynyl, undecynyl, dodecynyl, tridecynyl, tetradecynyl, pentadecynyl, hexadecynyl, 
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heptadecynyl, octadecynyl, nonadecynyl, eicosynyl, heneicosynyl, docosynyl, 
tricosynyl, tetracosynyl, pentacosynyl, and isomeric forms thereof. 

The term "aryl" as used herein refers to phenyl, tolyl, xylyl, naphthyl, 
biphenylyl, triphenylyl, and the like. The term "heteroaryl" refers to heteroaromatic 
5 groups, e.g. pyrrolyl, thienyl, furanyl, pyridinyl, oxazolyl, isooxazolyl, thiazolyl, 
isothiazolyl, quinolinyl, and the like. An aralkyl group is an aryl group connected 
through an alkyl group, e.g., benzyl, ethylnapthyl, and the like. 

As used herein, cycloalkyl includes saturated rings of 3 to 8 carbon atoms, 
inclusive, such as cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, 
10 cyclooctyl and the like. A cycloalkylalkyl group is a cycloalkyl group connected 
through an alkyl group, e.g., methylcyclopropyl, and the like. 

The term heterocyclyl refers to a cycloalkyl group wherein one or more ring 
carbon atoms are replaced with a heteroatom, e.g., aziridyl, azetidyl, pyrrolidyl, 
piperidyl, thiiranyl, thietanyl, tetrahydrothiophenyl, tetrahydrothiopyranyl, oxiranyl, 
15 oxetanyl, tetrahydrofuranyl, tetrahydropyranyl, morpholinyl, and the like. 

The term "cycloalkenyl" refers to cycloalkyl groups having a double bond, e.g., 
cyclopropenyl, cyclobutenyl, cyclopentenyl, cyclohexenyl, cycloheptenyl, cyclooctenyl 
and the like. 

The term "cycloalkynyl" refers to cycloalkyl groups having a triple bond, e.g., 
20 cyclopropynyl, cyclobutynyl, cyclopentynyl, cyclohexynyl, cycloheptynyl, cyclooctynyl 
and the like. 

The term "substituted" as used herein means a group wherein one or more 
hydrogen atoms have been replaced with a chemical group which does not adversely 
affect the desired preparation of the product derivative. Representative of such groups 
25 are halogen (e.g., -F, -CI, -Br, -I), amino, nitro, cyano, -OH, alkoxy, alkyl, aryl, amido, 
sulfamido, sulfate, sulfonate, phosphate, phosphonate, carboxylate, carboxamido, and 
the like. 



EXAMPLES 
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Crosslinked HA is prepared in the following examples by reacting a 
biscarbodiimide with uncrosslinked hyaluronic acid in the described ratios. The 
molecular weight of the uncrosslinked HA used in these examples was approximately 
5 from about 5 X 10 5 Daltons to about 2 X 10 6 Daltons, though higher or lower molecular 
weight HA can also be used. The hyaluronic acid used was obtained from rooster combs 
or bacterial sources. All compounds were obtained from Sigma, St. Louis, MO, unless 
otherwise specified. 



10 Preparation of MES-Buffers (pH range 5.2-7.1). 

For each MES buffer, 2-[N-Morpholino]ethanesulfonic acid (MES hydrate) 
(14.6 g) was dissolved in 980 mL of sterile water. For each of three solutions, the pH 
was adjusted to the desired value (5.5, 6.0, or 6.5) by the addition of 0.1N NaOH. 
1 5 Sterile water was added to bring the volume to 1L. 



Phosphate Buffers 1-5. 

For each individual phosphate buffer, 1 L of sterile water was used to dissolve 
20 the amounts indicated in Table 1 of sodium phosphate dodecahydrate (Na3P04T2H20), 
lidocaine hydrochloride (Lidocaine-HCl), sodium hydrogen phosphate (Na2HP04), and 
sodium dihydrogen phosphate monohydrate (Na^PCVHiO). 
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Table 1: Details phosphate buffers 1-5 



Phosphate buffer # 


Na 3 P0 4 12H 2 0 


Lidocaine-HCl 


Na 2 HP0 4 


NaH 2 P0 4 H 2 0 


1 


3.4 g, 9.0 mM 








2 


3.4 g, 9.0 mM 


2.0 g -> 0.20% 






3 


3.4 g, 9.0 mM 


3.0 g -> 0.30% 






4 


2.48 g, 6.50 mM 


3.0 g -> 0.30% 


0.36 g, 2.5 mM 




5 




3.0 g -> 0.30% 


1.42 g, 10.0 mM 


0.27 g, 2.0 mM 



Procedure for Examples 1-9: 

5 In each of the following examples, reagents were used in the amounts indicated 

in Table 2. Uncrosslinked HA was dissolved in 133.4 mL of MES buffer at the 
specified pH and combined with a 15 mg/mL acetone solution of /?-phenylene- 
bis(ethylcarbodiimide) (PBCDI), resulting in the specified molar equivalent ratio 
(MER%) and mol% between PBCDI :HA. The reaction mixture was thoroughly mixed 

10 (mixing with either a glass rod or an overhead mechanical stirrer, e.g., for ~ lminute, 
results in a white paste from the clear reaction mixture), and the mixture was allowed to 
stand at room temperature for about 72 hours. Sodium chloride (6.5 g, to make the 
mixture 5% by weight of sodium chloride) was mixed into the resulting gel, which was 
allowed to stand for 1 hour. The crosslinked HA gel was precipitated by addition into 

15 about 1.2 L of vigorously stirred ethanol. The precipitate was collected and dried under 
reduced pressure yielding the crosslinked hyaluronic acid. 

Table 2: Details for synthesizing crosslinked HA in Examples 1-9. 
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Example 


PBCDI 


Acetone 


HA 


MER 


mol% 


pH 


mg 


mmol 


mequiv 


mL 


9 


mmol 


1 


100 


0.47 , 


0.94 


6.7 


2 


4.98 


18.7 


9.4 


5.5 


2 I 


200 


0.94 


! 1.87 


13.3 


2 


4.98 


37.5 


18.8 


5.5 


3 ' 


267 


1.25 


2.5 


12.6 


2 


4.98 


50 


25.0 


5.5 


4 


400 


1.87 


3.74 


26.7 


2 


4.98 


75 


37.5 


5 


5 


400 


1.87 


3.74 


26.7 


2 


4.98 


75 


37.5 


5.5 


6 


400 


1.87 


3.74 


26.7 


2 


4.98 


75 


37.5 


6 


7 


400 


1.87 


3.74 


26.7 


2 


4.98 


75 


37.5 


6.5 


8 


534 


2.5 


5 


35.6 


2 


4.98 


100 


50.0 


5.5 


9 


667 


3.12 


6.2 


44.5 


2 


4.98 


125 


62.5 


5.5 



Example 10: Degree of crosslinking increases with increasing molar ratio of the 
crosslinker. 

Crosslinking of hyaluronic acid with /?-phenylene-bis(ethylcarbodiimide) 
5 incorporates the phenylene UV chromophore into the crosslinked product. By 
measuring the UV absorbance of the crosslinked product, the amount of the UV 
chromophore and degree of crosslinks incorporating the biscarbodiimide-derived linker 
can be quantified. 

To make a 0.1-mg/mL solution, a weighed amount (1-10 mg) of each of the 
10 crosslinked products of Examples 5, 8 and 9 was separately dissolved in a sufficient 
amount of 5% sulfuric acid solution by heating at 70-75°C for 4 h in a sealed container. 
Each solution was diluted with 5% sulfuric acid to make a 0.1-mg/mL solution of each 
product. The UV absorbance (UV Max) of these solutions measured at 249 nm is shown 
in Figure 1 as a function of the biscarbodiimide:HA molar equivalent ratio in %. Thus, a 
15 correlation can be seen between the degree of crosslinking incorporating the 
biscarbodiimide-derived linker (evidenced by UV Max) and the biscarbodiimide:HA 
molar equivalent ratio in %. 

Example 11: Degree of crosslinking can be controlled by pH. 
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To make a 0.1-mg/mL solution, a weighed amount (1-10 mg) of each of the 
crosslinked products of Examples 5, 6 and 7 was separately dissolved in a sufficient 
amount of 5% sulfuric acid solution by heating at 70-75°C for 4 hour in a sealed 
container and then allowing to stand for 16 hours at room temperature. These solutions 
5 were each diluted with 5% sulfuric acid to make a 0.1-mg/mL solution of each product. 
The UV absorbance of these solutions measured at 249 run is shown in Figure-2. 

It can be seen that the degree of crosslinking incorporating the biscarbodiimide- 
derived linker is greatest at pH 5.5 (the composition of Example 5), which is greater 
than that at pH 6.0 (the composition of Example 6), which are both greater than that at 
10 pH 6.5 (the composition of Example 7). 

Example 12: Preparation of a gel from dehydrated crosslinked HA. 

A portion of the dry crosslinked HA precipitate of Example 5 was milled in a 
cryogenic mill. The powder was suspended in dimethyl sulfoxide (DMSO) and the 
suspension was stirred for 4-10 hours. The suspension was centrifuged and the DMSO 
was removed. The water-insoluble crosslinked HA was re-suspended in ethanol, stirred 
for a few hours, and the ethanol was removed (the ethanol washing can be repeated if 
desired). After removing the ethanol, the solid was collected and dried under vacuum. 
The dried powder of the crosslinked HA was suspended in Phosphate Buffer 4 to make 
a 30-mg/mL suspension in the form of a slurry or paste. The osmolarity of the 
suspension was adjusted to 280-340 mOsm (milliosmol) by adding NaCl and loaded 
into a syringe. The syringe was autoclaved at 120 °C at a pressure of about 138 kPa 
(kilopascal) (20-lb/in 2 ) for 25 minutes and cooled after sterilization with chilled water. 

25 Example 13: Characterization of storage modulus G' of hydrated HA gels. 

The rheological behavior (including storage modulus G') of the gel in Example 
12 was evaluated with a Rheometer AR-1000 (TA Instruments, New Castle, DE). The 
measuring conditions included a temperature = 37°C, a measuring geometry = flat plate, 
a gap of 200 jam (micrometers), and a frequency of 1Hz. Under these conditions, the 



15 



20 
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storage modulus G' of the gel prepared in Example 12 was measured to be 1076 Pa 
(Pascals). 

Example 14: Characterization of extrusion force of hydrated HA gels. 

5 The force required to extrude a gel can be characterized by loading the gel in a 1 

mL glass syringe [having an internal diameter of 0.635 cm, equipped with a 30-gauge 
(-150 \xm internal diameter, cross-sectional area of 0.0177 mm 2 ) needle. The force 
required to extrude the gel through the needle at a rate of 4 mL/h was measured by 
placing the syringe on a syringe pump mounted with a force sensor system (Load Cell 
10 SLB-50, Transducer Techniques, Temecula, CA). At about 25°C, and an extrusion rate 
of 4 mL/h, the extrusion force measured was 10.7 N (Newtons) (2.4 pounds). 

Example 15: Characterization of stability of hydrated HA gels to enzymatic 
hydrolysis. 

1 5 Durability of the crosslinked hyaluronic acid against enzymatic hydrolysis can 

be measured by an in vitro test by combining the gel with a measured amount of 
hyaluronidase enzyme, and recording the storage modulus as a function of time. 

To the gel of Example 12 (0.75 g) taken in a vial, was added a solution of 
hyaluronidase enzyme from bovine testes (15 [iL of 0.15 mg/mL solution of 

20 hyaluronidase in 1 .9 mM phosphate buffer in saline, -2.5 units) and both were mixed 
thoroughly for 1 minute. The mixture was filled into a syringe and centrifuged for 1 
minute at 1500 rpm to remove air bubbles. 0.35 g of this mixture was loaded on the 
rheometer plate. Data accumulation was begun at 15 min after addition of the enzyme. 
The storage modulus G' of the gel was recorded at 10 min intervals for 16 hours at a 

25 temperature = 37°C, a flat plate measuring geometry, a gap of 200 pm, and a frequency 
of 1Hz. 

The rate of decrease in storage modulus AGVAt, e.g., the slope of G' versus 
time, can be calculated by dividing the value of AG' by the time interval,. This rate can 
represent the susceptibility of the product to enzymatic hydrolysis. In comparing the 
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stability of two compositions, the composition with greater stability maintains G' better 
than a composition with lesser stability. In this example, the average rate of loss of G' 
for the gel was about -5 Pa/hour. Thus, the composition in this example can be 
considered to be stable under the conditions of the test. One skilled in the art can 
5 appreciate that a composition that is stable under these conditions can be expected to 
have good in vivo stability as well. 

Example 16: Effect of particle size on the rheological properties of the gel. 

The dry, precipitated crosslinked HA from Example-5 was milled in a cryogenic 

10 mill and washed with DMSO and ethanol as described in Example 12. After removing 
the ethanol, the solid was collected and dried under vacuum. The dried powder of the 
crosslinked HA was fractionated by average diameter according to five sieves: 25(im, 
75 |xm, 125 jam, 180 |nm, and 250 |im placed on the top of each other. Five average 
diameter fractions of particles were collected: 0-25 jam, 25-75 |am, 75-125 (am, 125-180 

15 jam, and 180-250 |im. Each fraction was suspended in Phosphate Buffer 5 to make 32 
mg/mL suspension. The osmolarity of the suspension was adjusted to 280-340 mOsm 
(miliosmol) and each suspension was loaded into a syringe. The syringes were 
autoclaved at 120 °C at a pressure of about 138 kPa (kilopascal) (20-lb/in 2 ) for about 45 
minutes and subsequently cooled with chilled water. 

20 Figure 3 shows the storage modulus (G 5 ) for each gel, measured under the 

conditions described in Example- 12. As can be seen from the figure-3, the rheological 
properties of these viscoelastic gels were dependent on the particle average diameter 
distribution and composition of the gels. 

Figure 4 shows the force required to extrude these gels through a 30 gauge 

25 needle according to the procedure described in Example 12. As can be seen in Figure 4, 
the extrusion force of these viscoelastic gels was dependent on the particle average 
diameter distribution and composition of the gels. 
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Example 17: Combining particle size fractions to achieve particular rheological 
properties. 

The dry, precipitated, crosslinked HA from Example 5 was milled and washed 
as described in Example- 12. A portion of the dried powder of the crosslinked HA was 
5 then sieved through a 250 |am sieve. All particles of less than 250 jam average diameter 
were collected and suspended in Phosphate Buffer 4 to make 32-mg/mL suspension. 

Two portions having particle average diameters 250-125 jam and less then 
125 jam were collected. These fractions were combined in 1:1 ratio by weight and 
suspended in Phosphate Buffer 4 to make 32-mg/mL suspension. The osmolarity of 
10 each suspension was adjusted to 280-340 mOsm (miliosmol) and loaded into a syringe. 
The syringes were autoclaved at 120 °C at a pressure of about 138 kPa (kilopascal) (20- 
lb/in 2 ) for about 45 minutes and subsequently cooled with chilled water. 

The storage modulus (G') for these gels was measured using the measuring 
conditions described in Example- 12. The gel sample prepared from particles average 
15 diameters less than 250 jam had an initial G' of 600 Pa; the gel sample prepared from a 
1:1 ratio of 250-125 jam and 125-0 jam particle average diameters had an initial G' of 
450 Pa. 

Example 18: Storage Modulus versus degree of crosslinking. 

20 A portion of the dry, precipitated, crosslinked HA from each of Examples 5 and 

6 was milled and washed as described in Example 12. Each portion was sieved through 
a 250 jam sieve. Particles of less than about 250 jam average diameter were collected 
and suspended in Phosphate Buffer 4 to make a 32-mg/mL suspension. 

The osmolarity of each suspension was adjusted to 280-340 mOsm (miliosmol) 

25 and loaded into a syringe. The syringes were autoclaved at 120 °C at a pressure of about 
138 kPa (kilopascal) (20-lb/in 2 ) for about 20 minutes and subsequently cooled with 
chilled water. 

The storage modulus (G 5 ) for these gels was measured using the measuring 
conditions described in Example 12. The gel sample prepared from the composition of 
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Example 5 had an initial G' of 700 Pa; the gel sample prepared from the crosslinked 
composition of Example 6 had an initial G' of 450 Pa. It can be seen that the 
composition having a higher degree of crosslinking according to the UV crosslinking 
measurements, the composition of Example 5, also shows a higher storage modulus. 

5 

Example 19: AGVAt for Invention is superior to competitive products. 

Crosslinked HA obtained according Example 5 and processed according to 
Example 12 was made into a gel having a initial G' of 450 Pa. The resistance of this 
product and three competitive tissue augmentation products RESTYLANE® , 

10 PERLANE® (both Q-Med, Uppsala, Sweden), and HYLAFORM® (Genzyme, 

Cambridge, MA) to digestion with the hyaluronidase was evaluated. Hyaluronidase 
solution (15 \iL of 0.15 mg/mL solution of hyaluronidase in 1.9 mM phosphate buffer in 
saline, -2.5 units) was added and thoroughly mixed with 0.75 g of each product. Each 
mixture was loaded into a syringe and centrifuged for 1 minute at 1500 rpm to remove 

1 5 air bubbles. 0.35 g of each mixture was then loaded on a rheometer plate. Data 

accumulation began 15 minutes from the time of addition of the enzyme. The storage 
modulus G' of the gel was recorded at 10 min intervals for 16 hours at a temperature = 
37°C, a flat plate measuring geometry, a gap of 200 ^im, and a frequency of 1Hz. 
Figure 5 shows G' for each product versus time. As can be see, the rate of loss 

20 representing the susceptibility of the product to enzymatic hydrolysis for the invention 
is much less than that of the three competing compositions. 

Example 20: AGVAt of compositions versus hyaluronidase is independent of G\ 

Figure 6 shows AGVAt over a 16 h period for a range of crosslinked HA 
25 compositions having initial storage modulus values between about 200 to about 1200 
Pa. The compositions are prepared and the measurements conducted according to the 
preceding Examples. As can be seen, the degradation of the crosslinked HA 
compositions is essentially independent of initial storage modulus G' over this 16 hour 
period. 
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Example 21: Synergistic effect of lidocaine on rheological properties of the gel. 

Lidocaine can have a synergistic effect and increase the initial storage modulus 
G 5 of the gel compared to otherwise identical compositions prepared in a buffer without 
5 lidocaine. Crosslinked HA of Example-5 was processed as in Example- 12 using three 
separate phosphate buffers 1 (no lidocaine), 2 (0.2% lidocaine), and 3(0.3% lidocaine). 
Gels were made to 32-mg/mL concentrations and the storage modulus G' and 
degradation profile AGVAt of each was measured according to the method described in 
Example- 12. Figure 7 shows that the compositions with lidocaine have a significantly 
10 higher modulus G' over the time of the test. Thus, crosslinked HA with lidocaine can 
have good biostability, and can in some cases have a synergistic effect, increasing G\ 

Example 22: Invention is effective for tissue augmentation. 

The crosslinked HA product used in the study was prepared according to the 
15 procedure described in Example 14. In an Interdermal Injection Study in the Guinea Pig 
Model, the crosslinked HA product and a control article, (ZYDERM™ II, Collagen, 
Palo Alto, CA), were injected intradermally. Each injection site (6 per time interval per 
sample) was measured for height and diameter at 2, 4-, 8 and 12-weeks. Specimens 
were explanted for histological evaluation at each time interval. 
20 Twelve guinea pigs were included in this study and assigned to a termination 

interval of two animals each at 2, 4, 8, 12, 18, and 24 weeks. 

The right and left flank of each animal was clipped free of fur at least 1 hour 
before dosing. Each animal received six intradermal injections, three per side. The test 
article and control article were randomized over each animal. Both articles were dosed 
25 at 0.2 cc per site. Each site was marked with a non-toxic marker and injection sites were 
approximately 2 cm apart. In addition, each site was measured for height and diameter 
at each interval. The measurements immediately after injection were assigned a score 
of "0". An increase in height and diameter indicated edema. 
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At each termination interval, three animals were euthanized, the fur clipped, 
injection site measured, and the site removed and fixed in 10% neutral buffered 
formalin. The excised tissues were embedded, cut and stained with hematoxylin and 
eosin (H & E), and examined by a qualified pathologist. Specimens were examined for 
5 the presence of the injected article and for any tissue response. 

During the first week of the study, erythema scores were minimal (slight) and 
equally distributed between the test article and Zyderm II injection sites. Edema scores 
were inconsistent and equally distributed between the two materials. During week two, 
erythema scores were similar to week one. Edema scores were reduced with most 

10 dropping to zero. Injection site measurements at 4-weeks were equivalent to 
measurements taken immediately after injection. 

The volume of CTA was unchanged from 2 weeks to 4 weeks. At 8-weeks 
observation time, nearly all test article sites continued to maintain height and diameter 
measurements. Conversely, nearly all control sites were immeasurable. At 12-weeks 

1 5 observation time, test article was flattened and extended laterally in all sites. However, 
in the more tissue dense areas of the dermis, the test article did not spread out to the 
degree as in the less dense areas. Fibroblasts and adipose tissue were located through 
out the test article at approximately the same density as the tissues adjacent to the 
injection site. The control article was not identified in any of the injection sites. 

20 Microscopic examination showed no cellular response to test article and only a 

minor macrophage infiltrate in the control article at 2-weeks and 4-weeks. At 8-weeks 
and 12-weeks, there was no observable cellular response to either material. 

The test articles at 2, 4, 8 and 12-weeks were devoid of any microscopic tissue 
response, confirming the biocompatibility of this preparation. Upon injection, the test 

25 article appeared to integrate into the stromal elements of the dermis. Measurements of 
height and diameter were unchanged between 2 and 4 weeks. At 8-weeks CTA seemed 
to extend laterally in the dermal layers, but still maintained its volume. Conversely, the 
control article appeared as a homogeneous bolus of material compressing the 
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underlying dermis. A minor macrophage infiltrate was observed in the control article at 
4-weeks, and at 8-weeks most of the injection had resorbed from the injection site. 

The in vivo stability of the test article at 8, and 12-weeks 5 compared to the 
control article indicates that this product can exhibit long-term persistence in clinical 
5 applications. These results support in vitro data above showing in vivo resistance to 
degradation by hyaluronidase. 

While this invention has been particularly shown and described with references 
to preferred embodiments thereof, it will be understood by those skilled in the art that 
10 various changes in form and details may be made therein without departing from the 
scope of the invention encompassed by the appended claims. 



